Goal: The goal of this study is to determine factors associated with performance of duodenal biopsy during upper endoscopy.
C eliac disease (CD) is a chronic autoimmune enteropathy triggered by the ingestion of gluten in genetically susceptible individuals. The prevalence of CD is nearly 1% in the United States, 1,2 yet the disease remains under-diagnosed. In the United States, the majority of patients with CD have not been identified as such. [2] [3] [4] [5] Untreated CD is associated with a number of long-term complications, including increased risk of malignancy and overall mortality. 4 Efforts are therefore warranted to better understand the factors contributing to under-diagnosis. 6 The diagnosis of CD is made by upper endoscopy with duodenal biopsy. [7] [8] [9] Multiple biopsies are advocated because of the patchy nature of villous atrophy within the duodenum. 10 Although the rates of duodenal biopsy during upper endoscopy appear to be increasing over time, 11 published series from the last 15 years suggest that the majority of patients undergoing endoscopy for symptoms consistent with CD still may not have a duodenal biopsy performed during the procedure. 11, 12 To date there have been a few reports addressing potential clinical, demographic, and provider-specific factors contributing to the underperformance of duodenal biopsy in the United States 11, [13] [14] [15] but overall there remains a paucity of data exploring the decision to perform duodenal biopsy.
We aimed to determine the rate of duodenal biopsy during upper endoscopy for indications compatible with CD at a single academic center, as well as to analyze the clinical and demographic factors contributing to the performance of duodenal biopsy. We also aimed to explore variability among providers in the performance of duodenal biopsy, and some of the provider-specific factors that may contribute to the wide variability in practice patterns.
MATERIALS AND METHODS
We queried the endoscopy database to identify all adult ( ≥ 18 y) patients who underwent upper endoscopy at Columbia University Medical Center, an urban tertiary care institution, between January 1, 2007, and December 31, 2011. We included all cases with at least one of the following indications: abdominal pain or dyspepsia, gastroesophageal reflux disease (GERD), anemia or iron deficiency, diarrhea, and weight loss. Other indications that could potentially fall within one of these accepted indications (eg, follow-up of gastritis/esophagitis, malabsorption, bloating, nausea and vomiting) were included and grouped as "other." If a patient had more than one of the accepted indications listed for a single procedure, multiple indications were recorded for that procedure but included as separate indications within the multivariable analysis. Procedures performed for known or suspected CD as listed in the procedure indication (n = 646) were excluded. Urgent procedures for indications such as gastrointestinal bleeding or food impaction were excluded as well. If a patient underwent > 1 upper endoscopy during the study period, only the first examination was included for analysis.
In addition to the procedure indication, a number of demographic, clinical, procedural, and provider-specific covariates were recorded. These variables included patient age and gender, time of day of the procedure, year of procedure, gross endoscopic appearance of the duodenum (normal vs. abnormal), provider experience (years in practice), presence of a gastroenterology fellow during the procedure, and whether or not the attending provider was affiliated with the CD Center within our medical center. The primary outcome measure was the performance of duodenal biopsy during the procedure. A secondary outcome measure was whether or not the duodenal biopsy resulted in a new diagnosis of CD.
Patients were classified by the primary outcome measure of performance of duodenal biopsy, and univariate analysis across covariates was performed, using the global χ 2 test for categorical variables (eg, gender) and the Cochran-Armitage test for trend for ordered categorical variables (age, time of day, year of procedure, provider years in practice). The rate of duodenal biopsy was also calculated for each individual provider and providers were then compared using the χ 2 test. We performed multiple logistic regression analysis to evaluate the association between these variables and the performance of duodenal biopsy using odds ratios (OR) and corresponding 95% confidence intervals (CI). All variables in the univariate analysis were included in a single multivariate model, regardless of statistical significance in the univariate model. As a sensitivity analysis, the multivariable analysis was repeated after excluding the 4 physicians affiliated with the CD center. All reported P-values were 2-tailed with significance considered at P < 0.05. Statistical tests were performed using SAS version 9.3 (SAS institute, Cary, NC). The study (IRB-AAAJ7505) was approved by the Institutional Review Board of Columbia University Medical Center on April 16, 2012.
RESULTS
After exclusion of patients with known or suspected CD, repeat procedures, or acute indications including gastrointestinal bleeding or food impaction, a total of 8572 patients who underwent endoscopy by 51 providers met the inclusion criteria (Fig. 1). A majority of the patients undergoing endoscopy (63%) were female. There was wide variability in provider experience, ranging from 1 to 39 years in practice, and 1128 procedures (13%) were FIGURE 1. Study selection flowchart. performed by a physician affiliated with the CD center. The gross endoscopic appearance of the duodenum was normal in 83% of procedures. Among those patients with abnormal endoscopic findings (17%), duodenal biopsy was more common when there were gross findings suggestive of CD, such as atrophic or flattened mucosa (90% biopsy rate), scalloping (88%), or nodular mucosa (86%), compared with 67% among patients with abnormal findings overall. Among the 33% of patients with abnormal findings which did not trigger a duodenal biopsy, the most common abnormal findings were angioectasia, deformity/diverticulum, erythema/erosion, or ulcer (data not shown). A gastroenterology fellow participated in 27% of cases. Of the 8572 patients undergoing endoscopy, 4863 (57%) had a duodenal biopsy during the procedure. Of those who underwent duodenal biopsy 24 patients were ultimately found to have a histologic diagnosis of CD (0.49% of those biopsied). Among these patients ultimately found to have histology compatible with CD, 52% were in the youngest age group (18 to 49 y, compared with 32% in this age group for the entire study), 65% were female, and 61% were found to have a normal appearing duodenum at endoscopy. The procedural indications for the patients found to have CD were dyspepsia (52%, similar to overall study group), anemia (17%), diarrhea (26%), GERD (22%), weight loss (4%), and nausea/ vomiting (9%, data not shown). Basic characteristics and univariate predictors of duodenal biopsy are presented in Table 1 . Biopsy was more often performed among younger patients (65% of patients aged 18 to 49 y compared with 53% of patients ≥ 50; P < 0.001) and women (61% vs. 50% of men; P < 0.001). Among the various procedure indications, duodenal biopsy was performed most commonly for diarrhea (91%) and weight loss (71%; P < 0.001 for both), while it was performed for only 60% of procedures done for anemia or iron deficiency (P = 0.002). Among providers who performed at least 50 endoscopies in this data set (n = 25), duodenal biopsy rates were highest among the least experienced providers (69% for quartile 1; P < 0.001) and among physicians affiliated with the institution's CD center (n = 4), with duodenal biopsy in 82% of their cases (Fig. 3) . There was wide variability in duodenal biopsy rates among providers, ranging from 27% to 91% of all endoscopies performed by each provider (Figs. 2, 3) .
On multivariate analysis (Table 2) , age, gender, indication, gross endoscopic appearance, CD center affiliation, and fellow participation all showed a statistically significant association with the performance of duodenal biopsy. Women were more likely to undergo biopsy (OR, 1.57; 95% CI, 1.42-1.73), whereas older patients were less likely to be biopsied (OR, 0.67; 95% CI, 0.60-0.75 for age 50 to 69; OR, 0.56; 95% CI, 0.49-0.64 for age 70 or older; both compared with age 18 to 59). The procedure indication most strongly associated with performance of duodenal biopsy was diarrhea (OR, 4.41; 95% CI, 3.12-6.25 compared with abdominal pain/dyspepsia).
Overall there was no clear association between time of day, year of procedure, or provider years in practice and the performance of duodenal biopsy. However, procedures during 2011, the most recent year in our data set, were associated with increased odds of duodenal biopsy compared with procedures from 2007 (OR, 1.21; 95% CI, 1.04-1.41). As for provider experience, although the second quartile (6 to 16 y in practice) was significantly associated with duodenal biopsy (OR, 1.29; 95% CI, 1.07-1.57), there was no discernable overall trend between years in practice and duodenal biopsy. The presence of a fellow during the case was negatively associated with duodenal biopsy (OR, 0.50; 95% CI, 0.44-0.56).
When we repeated the multivariable analysis after the exclusion of the 4 physicians affiliated with the CD center (n = 1395 procedures), there was no significant change in either the statistical significance or the effect size of the variables found to be associated with performance of duodenal biopsy on the original analysis (Supplementary Table 1 
DISCUSSION
Among 8572 patients undergoing endoscopy for indications compatible with CD, we found a number of factors that may influence the decision to perform small bowel biopsy, including age and gender, procedure indication, and provider expertise. Most notably, we also found extremely wide variability among providers in the frequency with which they perform duodenal biopsy.
To our knowledge, this is the largest series to date from a single institution examining individual practice patterns specific to the performance of duodenal biopsy during upper endoscopy. Our results are consistent with prior reports showing an association between patient age and gender and the performance of duodenal biopsy. 12, 13, 15 We found patients 50 years and older less likely to undergo duodenal biopsy compared with patients under 50 years old, and women more likely than men, with biopsies in 61% of women compared with 50% of men in our study (P < 0.001). Although CD was once thought to be a disease that presents in childhood, most diagnoses in the United States occur between ages 30 and 60, and new diagnoses can occur well into the older adult years. 16 There seems to be a similar misconception that CD is more common among women than men. Women in the United States are more likely to be diagnosed with CD, 17 despite equivalent seroprevalence between men and women. 1, 3, 4 As such, the lower rates of duodenal biopsy among men and older patients in our series and others may reflect missed opportunity to increase the low diagnosis rate of CD.
We also found a strong association between procedural indication and the performance of duodenal biopsy, with diarrhea, anemia, and weight loss most likely to result in a biopsy. Although the protean manifestations of CD are increasingly well recognized, 18 our results suggest that many providers still consider duodenal biopsy only in the presence of classical malabsorptive findings such as diarrhea and weight loss. Perhaps more surprising, however, was the finding that up to 9% of patients in our study with diarrhea and 40% of the patients with iron deficiency or anemia did not undergo duodenal biopsy, when these are well established indications supported by major society guidelines, 19, 20 whereas the utility of duodenal biopsy for indications such as GERD or dyspepsia is uncertain. Heartburn has been reported to be a clinical manifestation of CD that may respond to the gluten-free diet. 21 Our group recently conducted a cost-effectiveness analysis for duodenal biopsy during endoscopy for GERD and found that routine small bowel biopsy met the threshold for cost effectiveness at a celiac disease prevalence of 1.8%. 22 Another recent report from a large cohort in Olmsted County, MN, suggests that routine testing for CD among patients with functional gastrointestinal symptoms may not confer significant clinical benefit. 23 The optimal diagnostic strategy during upper endoscopy remains uncertain.
We examined a number of other procedure-specific and provider-specific factors with variable significance in their association with duodenal biopsy. There was not a clear trend in overall biopsy rates during our study period, although the year 2011 alone (the final year of the study) did show a statistically significant association with performance of duodenal biopsy compared with 2007 (OR, 1.21; 95% CI, 1.04-1.41), perhaps suggesting increasing biopsy rates over time. Other studies have suggested as well that duodenal biopsy rates in the United States do seem to be increasing over time. A 2004 analysis of a national endoscopy database reported duodenal biopsy rates of only 11% during procedures for indications of diarrhea, anemia, iron deficiency, or weight loss. 12 A later report from the same database showed an increase in duodenal biopsy over time, by 2009 occurring in 51% of procedures for the same indications. 15 By comparison, in 2011 the overall biopsy rate was 62% in our cohort.
Among our other procedural variables, we did not find time of day to be strongly associated with duodenal biopsy. Time of day has previously been examined as a potential factor influencing the quality of colonoscopy, with data to suggest that provider fatigue may have an effect on adenoma detection rate. 24 But in our study there was no clear association between time of day and duodenal biopsy. The multivariable model did suggest that duodenal biopsy was more common during standard business hours (9 AM to 5 PM, compared with before 9 AM) but this finding may reflect the inadvertent inclusion in our study of a small number of urgent cases performed early in the morning or late in the evening. Between the hours of 9 AM and 5 PM there was no clear trend toward a lower biopsy rate later in the day. Surprisingly, we found the presence of a fellow to be negatively associated with the performance of duodenal biopsy. In the colonoscopy literature, at least one study reports improved procedure quality if a fellow is present. 25 It is possible that fellows were more likely to be present for urgent cases referred from the inpatient consult service, rather than the outpatient service, and thus by the nature of the procedure less likely to perform routine duodenal biopsies. Although we excluded patients whose procedures were performed for the indication of acute upper gastrointestinal bleeding, it is possible that some patients with that clinical condition were included and not documented as such in the indication field of the procedure note. Alternatively, fellows and their supervising gastroenterologists with heavy clinical demands may have been subjected to time pressures that led to lower rates of duodenal biopsy.
Among the attending physicians, we found great variability in the performance of duodenal biopsy, with biopsy rates during endoscopy ranging from 27% to 91% (P < 0.001; see Fig. 2 ). Not surprisingly, the 4 CD specialists were more likely to perform duodenal biopsies (82% of procedures, compared with 53% among all other providers, P < 0.001, see Fig. 3 ), but wide variability remained even if these providers were excluded. We initially hypothesized that provider experience (number of years in practice) may influence the decision to perform duodenal biopsy, with younger providers more likely to biopsy. The multivariable model suggests that there may be a trend in this directionwith quartile 2 (6 to 16 y in practice) statistically more likely to perform biopsy compared with quartile 1, whereas neither quartile 3 nor quartile 4 shows a statistically significant association-but overall there is not a clear linear trend across all 4 quartiles. Moreover, the possible trend favoring duodenal biopsy among the least experienced providers does not seem to hold when the 4 CD specialists were excluded (see supplementary table, Supplemental Digital Content 1, http://links.lww.com/JCG/A371). This discrepancy may be because of the fact that one of the CD specialists with a high rate of biopsy was in quartile 1, so when this provider was excluded in the sensitivity analysis, there was a greater difference in biopsy rates between the 1st and 4th quartiles of experience than was seen in the initial analysis. Still, with or without the CD specialists there was not a clear trend across all 4 quartiles of provider experience.
As noted above, there was one prior report suggesting decreased adherence to duodenal biopsy guidelines among higher-volume providers, 14 as well as one report of increased rates of duodenal biopsy at academic centers compared with 12 In the colonoscopy literature there is evidence that provider experience and procedure volume are associated with improved cecal intubation rate 26 as well as fewer adverse events, 27 although adenoma detection rate may suffer with very high or very low procedure volumes. 28 Further study is indicated to explore more fully the provider factors leading to the performance of duodenal biopsy during upper endoscopy. The number of new diagnoses of celiac disease was relatively low in this study, 0.49% of patients who were biopsied, which is far lower than the 0.8% to 1% estimated seroprevalence in the United States. 1, 4 This low prevalence of biopsy-confirmed CD within the cohort is not surprising; however, since all patients with known or suspected CD before endoscopy were excluded from the current study. Among those excluded were 646 patients who underwent EGD for suspected CD (eg, positive serologies or a symptomatic response to gluten) or follow-up of CD during our study period, resulting in 111 diagnoses of CD (17% of those biopsied). Thus, the actual prevalence of biopsy-confirmed CD at our center is likely significantly higher than was found in the current study among unselected patients undergoing endoscopy for common upper GI complaints. Prior studies from other centers with CD expertise would suggest a higher diagnostic yield for CD in unselected patients than was seen in our study, again likely as a result of our exclusion criteria. For example, Mooney et al 29 reported a 1.3% detection rate of CD for patients with GERD symptoms undergoing endoscopy, but there was no exclusion of patients with suspected CD in this study, and by protocol all patients underwent routine duodenal biopsy, compared with 57% in our study. Paradoxically, the low diagnostic yield in our study may be in part because of clinical suspicion and serologic testing for celiac disease among primary doctors and gastroenterologists at our center, with such patients then being excluded from the current study.
Our study has a number of limitations. The data were collected from a 5-year endoscopy experience at a single academic center with 4 CD specialists on faculty, raising questions of generalizability. The biopsy rate of 57% is likely higher than may be found in more typical settings, given the awareness that the CD specialists presumably bring to this institution. Certain data were not available in the endoscopy database, including patient race/ethnicity, socioeconomic status, and number of duodenal biopsy specimens submitted to pathology. Furthermore, although we were able to report on new cases of CD resulting from duodenal biopsies during the study, further pathologic data was not available through our query, so we were unable to report on other potentially relevant pathologic diagnoses. Serologic data were also not available, so we cannot report any potential concordance between histologic and serologic evidence of CD.
We attempted to include a wide range of procedural indications while excluding urgent procedures for acute presentations such as gastrointestinal hemorrhage or food impaction, but there likely were a small number of misclassified inpatient procedures that were included in this analysis. Conversely there may also have been procedures performed in line with our prespecified indications that were mislabeled and as such not included. We also attempted to exclude patients with known CD or positive serology, but serologic data were not available in our database, so cases of known or suspected CD were identified by the procedure indication listed by the endoscopist. Therefore, there may have been patients with known or suspected CD that was not documented in the procedure indication and could potentially bias the results toward overestimating rates of duodenal biopsy.
As noted in the Materials and methods section, we chose a priori in the study design to include all recorded variables in the multivariate analysis, even those which did not meet statistical significance in the univariate model. Although the sample size was relatively large, we recognize the risk of multiple comparisons contributing to the possibility of type 1 error because of the large number of variables in the multivariate analysis.
CONCLUSIONS
We found that the performance of duodenal biopsy during gastrointestinal endoscopy was dependent on variables including younger age, female gender, and procedure indication. Endoscopists varied widely in the performance of duodenal biopsy. Further study is warranted in order to better understand how providers decide whether or not to biopsy the duodenum, and to establish validated indications for biopsy among patients with common upper gastrointestinal symptoms.
